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@ Printing apparatus and method for charging and metering toner particles. 

<g) The present invention relates to a development apparatus 
including structure 46 for the dynamic toner metering and 
charging of nonmagnetic single component toner. To this end 
there is provided a flexible, rotating rod 70 having an electrical 
bias 84 applied thereto. The rod is captured or supported by a 
distributed bearing 72 attached to a compliant blade 75. A toner 
cleaning blade 77 held against the rod serves as a toner seal. 
The flexible rod is supported in a self-spaced relationship to a 
rigid donor roll 42 which transports the charged toner to a 
development zone intermediate the the donor roll and an 
imaging member. Self-spacing is provided by a layer of toner on 
the donor structure. 

The donor roll and flexible rod form a toner metering and 
charging zone 82 through which toner is moved to simulta- 
neously charge and meter the toner particles. The roll and 
flexible rod are rotated in opposite directions for controlling the 
metering and charging of the toner in the nip. 
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Des ripti n 

Printing Apparatus Including Apparatus and M thod for Charging and Metering Toner Particles 



This invention relates generally to the rendering of 
latent electrostatic images visible. More particularly, 
the invention relates to an apparatus for developing 5 
latent electrostatic images on a charge retentive 
surface with toner, said apparatus comprising: a 
supply of toner; and a donor structure supported for 
movement in an endless path for conveying toner 
from said supply of toner to an area opposite said io 
charge retentive surface. 

The invention can be utilized in the art of 
xerography or in the printing arts. In the practice of 
conventional xerography, it is the general procedure 
to form electrostatic latent images on a xerographic 15 
surface by first uniformly charging a photoconduc- 
tive insulating surface or photoreceptor. The 
photoreceptor comprises a charge retentive sur- 
face. The charge is selectively dissipated in accord- 
ance with a pattern of activating radiation corre- 20 
sponding to original images. The selective dissipa- 
tion of the charge leaves a latent charge pattern on 
the imaging surface corresponding to the areas not 
struck by radiation. 

This charge pattern is made visible by developing 25 
it with toner. The toner is generally a colored powder 
which adheres to the charge pattern by electrostatic 
attraction. The developed image is then fixed to the 
imaging surface or is transferred to a receiving 
substrate such as plain paper to which it is fixed by 30 
suitable fusing techniques. 

The development of images by various methods, 
including electrostatographic means is well known. 
In some of these systems, toner particles are 
deposited on an electrostatic latent image contained 35 
on an insulating surface, such as selenium, utilizing, 
for example, cascade development, magnetic brush 
development, powder cloud development, touch- 
down development, and the like. 

In view of some of the disadvantages of two 40 
component systems, there has been considerable 
effort directed to designing systems which utilize 
only toner particles, for example, U.S. Pat. 
No: 2,846.333, which discloses a single component 
developer composition that is comprised of toner 45 
resins, colorants and magnetic materials. Many of 
the single component development systems contain 
conductive toner particles, whereby imagewise 
toner deposition onto the imaging member is 
obtained by induction charging of the toner par- 50 
tides. Electrostatic transfer of conductive toner 
particles to plain bond paper is, however, usually 
inefficient as the charge on the toner particles can 
be reversed by induction charging from the paper 
during the transfer step. Accordingly, electrophoto- 55 
graphic systems wherein conductive single compo- 
n nt toner particles ar us d r quire an alternative 
transfer method and materials such as a special 
overcoated insulating paper to achieve sufficient 
toner transfer. Furthermore, in single compon nt 60 
systems with conductive toner particles, the control 
of undesirable background or background sup- 
pression cannot usually be achieved with electros- 



tatic forces alone, as the toner particles are 
inductively charged and deposited on the imaging 
bearing member in both the image and' background 
areas, which is not the situation in two component 
developer systems where suppression of back- 
ground development is accomplished by electros- 
tatic forces acting on the triboelectrically charged 
toner particles, causing such particles to be directed 
away from image bearing member. 

Recent developments in the area of single 
component development has resulted in an efficient, 
economical, simple process and apparatus wherein 
insulative, non-magnetic, toner particles are appro- 
priately charged and there is obtained two compo- 
nent image quality utilizing a single component 
development apparatus, in this system, as described 
in US-A-4,505,573, a charging roll means simulta- 
neously meters and charges toner particles. A donor 
electrode roll serves to transport the toner particles, 
which electrode can comprise numerous suitable 
materials including for example a conducting roll 
overcoated with a polymer containing carbon black. 

Heretofore, one of the aforementioned rolls (i.e. 
charging roll or donor electrode roll) was fabricated 
so that it was compliant to accommodate the runout 
of the other roll which was rigid. Such compliant roll 
structures usually consisted of a thin metal, for 
example, an eiectroformed nickel sleeve mounted 
on a foam core. Although such a structure is 
functional for its intended purpose, several disad- 
vantages have been noted including difficulty of 
manufacture, susceptibility to damage, foam set and 
sealing reliability. 

Certain patents which may be relevant to the 
present invention will now be discussed. 

US-A-3, 143,438 relates to apparatus for coating 
web material. Disclosed therein is a metering and 
smoothing device comprising a cylindrical rod which 
is mounted between a flexible doctor blade and a 
rod holder or receiving member. 

US-A-3,245,377 relates to an apparatus for coat- 
ing paper. Disclosed is a cylindrical rod which 
extends lengthwise of a resilient backing roll and is 
retained in a socket by spring pressure exerted by a 
spring clip. 

US-A-4,382,420 relates to an apparatus for de- 
veloping a latent electrostatic image formed on a 
photoconductive recording material in a dry type 
electrophotographic copying machine typically em- 
ploying a one component type developer with a 
conductive electrode held in contact with the 
developer. The electrode is connected to a power 
source through a switching device and serves to 
charge the developer to a predetermined polarity 
with a pr d t rmined potential b fore the latent 
image is developed. In this way, the latent image can 
be developed selectively as either a normal image or 
a reverse image quite easily. Figure 6 thereof 
discloses a charge and metering roller which 
regulates the layer of toner on a development belt 
and serves as an electrode as w tl. 
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US-A-4,459,009 relates to a process and appara- 
tus for charging insulating toner particles wherein 
there is provided a charging roll containing a 
triboelectrically active coating, and weakly charged 
toner particles are transported into contact with the 
coating contained on the charging roll, this contact 
being accomplished in a charging zone situated 
between the charging roil and the transporting 
mechanism. As a result of contact between the 
weakly charged toner particles and the triboelectri- 
cally active coating contained on the charging roll 
th re are imparted charges of either a positive or 
negative polarity to the weakly charged toner 
particles. 

US-A-4,464,041 relates to developing apparatus 
for producing an electrostatic latent image on a 
charge retaining member such as a drum, a rotating 
member for producing a shifting magnetic field is 
used to transport magnetic toner on a stationary 
sleeve from a toner source to a developing area on 
the drum. The amount of toner so transported is 
regulated by a magnetizable member positioned 
adjacent the rotating member before the developing 
area, the magnetizable member being characterized 
by a curved surface on which a shifting magnetic 
field is induced by the said rotating member and 
which attracts excess toner from the latter. 

US-A-4.505,573 relates to an apparatus for effect- 
ing the charging of insulating toner on a moving 
roller, and a toner transporting roller or belt with a 
coating thereover comprising a mixture of conduc- 
tive particulate particles, such as carbon black. The 
coating may be textured with silica particles. Useful 
polymers selected for the coating include fluorinated 
ethylene-propylene and polytetrafluoroethylene co- 
polymers. 

Our copending European Patent Application (our 
ref: D/87228) filed on March 20, 1989 discloses a 
scavengeless development system in which toner 
detachment from a donor and the concomitant 
generation of a controlled powder cloud is obtained 
by AC electric fields supplied by self-spaced 
electrode structures positioned within the develop- 
ment nip. The electrode structure is placed in close 
proximity to the toned donor within the gap between 
the toned donor and image receiver, self-spacing 
being effected via the toner on the donor. Such 
spacing enables the creation of relatively large 
electrostatic fields without risk of air breakdown. 

The present invention is intended to provide an 
improved apparatus for metering and charging toner 
particles to be applied to a donor. Accordingly there 
is provided a developing apparatus of the kind 
specified in the first paragraph hereof which is 
characterised by a rod structure supported for 
contact with a layer of toner on said donor structure 
to form a toner metering and charging zone 
therebetween through which toner particles from 
said supply are passed and are simultaneously 
charged and metered, said rod structure being 
flexible whereby metering and charging of said toner 
is insensitive to runout of said donor structure. 

Briefly, the present inv nti n relat s to a develop- 
ment apparatus including structure for the dynamic 
toner metering and charging of non-magnetic single 
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component toner. To this end there is provided a 
flexible, rotating r d having an el ctrical bias applied 
ther to. The rod is captured or supported by a 
distribut d bearing attached to a compliant blade. A 

5 toner cleaning blade held against the rod serves as a 
toner seal. The flexible rod is supported in a 
self-spaced relationship to a rigid donor roll which 
transports the charged toner to a development zone 
intermediate the the donor roll and an imaging 

10 member. Self-spacing is provided by a layer of toner 
. on the donor structure. 

The donor roll and flexible rod form a toner 
metering and charging zone through which toner is 
moved to simultaneously charge and meter the toner 

15 particles. The roll and flexible rod are rotated so as 
to move in opposite directions through the nip for 
controlling the metering and charging of the toner in 
the nip. 

An apparatus in accordance with the invention will 
20 now be described, by way of example, with ref- 
erence to the accompanying drawings, in which: 

Figure 1a is a plot of photoreceptor potential 
versus exposure illustrating a tri-level electros- 
tatic latent image; 
25 Figure 1b is a plot of photoreceptor potential 

illustrating single-pass, highlight color latent 
image characteristics; 

Figure 2 is schematic illustration of a printing 
apparatus incorporating the inventive features 
30 of our invention ; 

Figure 3 is a fragmentary schematic illustra- 
tion of a developer donor roll and electrical bias 
arrangement; and 

Figure 4 is a fragmentary schematic Hlustra- 
35 tion of a developer apparatus including a novel 

toner charging and metering arrangement. 
While the present invention can be utilized in 
conventional xerography and analogous printing arts 
it can also be utilized in highlight color imaging and 
40 will be disclosed in connection with such an imaging 
system and, in particular, it will be incorporated in a 
tri-level, highlight color imaging system. 

For a better understanding of the concept of 
tri-level, highlight color imaging, a description 
45 thereof will now be made with reference to Figures 
1a and 1b. Figure 1a illustrates the tri-level electros- 
tatic latent image in more detail. Here Vo Is the initial 
charge level, Vddp the dark discharge potential 
(unexposed), Vw the white discharge level and Vc 
50 the photoreceptor residual potential (full exposure). 
Color discrimination in the development of the 
electrostatic latent image is achieved when passing 
the photoreceptor through two developer housings 
in tandem or in a single pass by electrically biasing 
55 the housings to voltages which are offset from the 
background voltage Vw, the direction of offset 
depending on the polarity or sign of toner in the 
housing. One housing (for the sake of illustration, 
the second) contains developer with black toner 
60 having triboelectric properties such that the toner is 
driven to the most highly charged (V<wp) areas of the 
latent image by the electrostatic field between the 
photoreceptor and the dev lopment rolls bias d at 
Vbb (V black bias) as shown in Figure 1b. Conversely, 
65 th triboelectric charge on the colored toner in the 



3 



5 



EP 0 345 023 A1 



6 



first housing is chosen so that the ton r is urged 
towards parts of th latent image at residual 
potential, Vc by th electrostatic field existing 
between the photoreceptor and the development 
rolls in the first housing at bias voltage Vcb (V color 
bias). 

As shown in Figure 2, a printing machine incorpor- 
ating the present invention may utilize a charge 
retentive member in the form of a photoconductive 
belt 10 consisting of a photoconductive surface and 
an electrically conductive substrate and mounted for 
movement past a charging station A, an exposure 
station B, developer station C, transfer station D and 
cleaning station F. Belt 10 moves in the direction of 
arrow 16 to advance successive portions thereof 
sequentially through the various processing stations 
disposed about the path of movement thereof. Belt 
10 is entrained about a plurality of rollers 18, 20 and 
22, the former of which can be used as a drive roller 
and the latter of which can be used to provide 
suitable tensioning of the photoreceptor belt 10. 
Motor 23 rotates roller 18 to advance belt 10 in the 
direction of arrow 16. Roller 18 is coupled to motor 
23 by suitable means such as a belt drive. 

As can be seen by further reference to Figure 2, 
initially successive portions of belt 10 pass through 
charging station A. At charging station A, a corona 
discharge device such as a scorotron, corotron or 
dicorotron indicated generally by the reference 
numeral 24, charges the belt 10 to a selectively high 
uniform positive or negative potential, v*o. Preferably 
charging is negative. Any suitable control, well 
known in the art, may be employed for controlling 
the corona discharge device 24. 

Next, the charged portions of the photoreceptor 
surface are advanced through exposure station B. 
At exposure station B, the uniformly charged 
photoreceptor or charge retentive surface 10 is 
exposed to a laser based output scanning device 25 
which causes the charge retentive surface to be 
discharged in accordance with the output from the 
scanning device. Preferably the scanning device is a 
three level laser Raster Output Scanner (ROS). 
Alternatively, the ROS could be replaced by a 
conventional xerographic exposure device. 

The photoreceptor, which is initially charged to a 
voltage Vo, undergoes dark decay to a level Vddp 
equal to about 900 volts. When exposed at the 
exposure station B it is discharged to V c equal to 
about 100 volts which is near zero or ground 
potential in the highlight (Le. color other than black) 
color parts of the image. See Figure 1a. The 
photoreceptor is also discharged to V w equal to 500 
volts imagewise in the background (white) image 
areas. 

At development station C, a development system, 
indicated generally by the reference numeral 30 
advances single component developer materials into 
contact with the electrostatic latent images. The 
development system 30 comprises first and second 
developer apparatuses 32 and 34. The developer 
apparatus 32 comprises a housing containing a pair 
of magnetic brush rollers 36 and 38. Th rollers 
advance dev loper material 40 into contact with the 
latent images on the charge retentive surface which 



are at the voltage level V c . The d veloper material 40 
by way of exampl comprises r d toner. Appropriate 
electrical biasing is accomplished via power supply 
41 electrically connected to developer apparatus 32. 

5 A DC bias of approximately 400 volts is applied to the 
rollers 36 and 38 via the power supply 41. 

The developer apparatus 34 comprises a donor 
structure in the form of a rigid roller 42. The donor 
structure 42 conveys nonmagnetic single compo- 

10 nent developer or toner 44 deposited thereon via a 
combination metering and charging device 46 
(Figure 3) to a position opposite* an electrode 
structure. The developer in this case comprises 
black toner. The donor structure can be rotated in 

15 either the 'with' or 'against' direction vis-a-vis the 
direction of motion of the charge retentive surface. 
The donor roller 42 is preferably coated with 
TEFLON-S (trademark of E.I. du Pont de Nemours). 
The developer apparatus further comprises an 

20 electrode structure 48 which is disposed in the 
space between the charge retentive surface 10 and 
the donor structure 42. The electrode structure 
comprises a plurality of thin (i.e. 50 to 100 u.m 
diameter) tungsten wires which are closely posi- 

25 tioned relative to the donor structure 42. The 
distance between the wires and the donor is 
approximately 25 u.m or the diameter of a toner 
particle. The wires are self-spaced from the donor 
structure by the thickness of the toner on the donor 

30 structure. To this end the extremities of the wires are 
secured to the tops of end bearing blocks (not 
shown) supporting the donor structure for rotation. 
The extremities are attached so that they are slightly 
below a tangent to the surface, including the toner 

35 layer, of the donor structure. Mounting the wires in 
such a manner makes them insensitive to roll runout. 

As illustrated in Figure 3, an alternating electrical 
bias is applied to the electrode structure via an AC 
voltage source 50. The applied AC establishes an 

40 alternating electrostatic field between the wires and 
the donor structure which is effective to detach 
toner from the surface of the donor structure and 
form a toner cloud about the wires, the height of the 
cloud being such as not to contact the charge 

45 retentive surface. The magnitude of the AC voltage is 
relatively low and is in the order of 200 to 300 volts 
peak at a frequency of about 4kHz up to 10 kHz. A 
DC bias supply 52 which applies approximately 700 
volts to the donor structure 42 establishes an 

50 electrostatic field between the charge retentive 
surface of the photoreceptor 10 and the donor 
structure for attracting the detached toner particles 
from the cloud surrounding the wires to the latent 
image on the charge retentive surface. At a spacing 

55 of approximately 25 \im between the electrode and 
donor structures an applied voltage of 200 to 300 
volts produces a relatively large electrostatic field 
without risk of air breakdown. The field strength 
produced is in the order of 8 to 12 volts/urn While 

60 the AC bias is illustrated as being applied to the 
electrode structure it could qualty as well be 
appli d to the donor tructure. 

A sheet of support material 58 is moved into 
contact with the toner image at transfer station D. 

65 The sheet of support material is advanced to transfer 
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station D by conventional sheet feeding apparatus, 
not shown. Preferably, th sheet feeding apparatus 
includes a feed roll contacting the uppermost sheet 
of a stack copy sheets. Feed rolls rotate so as to 
advance th uppermost sheet from stack into a 
chute which directs the advancing sheet of support 
material into contact with photoconductive surface 
of belt 10 in a timed sequence so that the toner 
powder image developed thereon contacts the 
advancing sheet of support material at transfer 
station D. 

Because the composite image developed on the 
photoreceptor consists of both positive and nega- 
tive toner, a positive pre-transfer corona discharge 
member 56 is provided to condition the toner for 
effective transfer to a substrate using negative 
corona discharge. 

Transfer station D includes a corona generating 
device 60 which sprays ions of a suitable polarity 
onto the backside of sheet 68. This attracts the 
charged toner powder images from the belt 10 to 
sheet 58. After transfer, the sheet continues to 
move, in the direction of arrow 62, onto a conveyor 
(not shown) which advances the sheet to fusing 
station E. 

Fusing station E includes a fuser assembly, 
indicated generally by the reference numeral 64, 
which permanently affixes the transferred powder 
image to (Sheet 58. Preferably, fuser assembly 64 
comprises a heated fuser roller 66 and a backup 
roller 68. Sheet 58 passes between fuser roller 66 
and backup roller 68 with the toner powder image 
contacting fuser roller 66. in this manner, the toner 
powder image is permanently affixed to sheet 58. 
After fusing, a chute, not shown, guides the 
advancing sheet 58 to a catch tray, also not shown, 
for subsequent removal from the printing machine 
by the operator. 

After the sheet of support material is separated 
from photoconductive surface of belt .10, the 
residual toner particles carried by the non-image 
areas on the photoconductive surface are removed 
therefrom. These particles are removed at cleaning 
station F. The cleaner apparatus comprises a 
conventional magnetic brush roll structure for 
causing carrier particles in the cleaner housing to 
form a brush-like orientation relative to the roll 
structure and the charge retentive surface. It also 
includes a pair of detoning rolls for removing the 
residual toner from the brush. 

Subsequent to cleaning, a discharge lamp (not 
shown) floods the photoconductive surface with 
light to dissipate any residual electrostatic charge 
remaining prior to the charging thereof for the 
successive imaging cycle. 

As illustrated in Figure 4, the combination meter- 
ing and charging device 46 comprises a flexible rod 
70 which is preferably fabricated from anodized 
aluminum. The flexible rod 70 which has a diameter 
in the order of 2.54 to 3.18 mm is supported by a 
distributed bearing structure 72. Larger diameter 
rods may be used if fabricated' from a composite 
structur such as metaliz d plastic tub or rod. The 
modulus for a metal rod is preferably 2.1 x 10 6 
Kg.cnrr 2 compared to 2.1 x 10 4 Kg.cnr 2 for plastic. 



The bearing structure 72 comprises an L-shaped 
s gment 74 which cooperates with the donor and 
toner layer thereon to captivate the flexible rod along 
its entire axial extent. The bearing structure 72 also 

5 comprises an elongated, compliant arm 75 by which 
the bearing structure is mounted to a frame m mber 
(not shown). The bearing structure is mounted in 
cantilever fashion such that the flexible rod is 
self-spaced relative to the donor roll 42 by a thin 

10 layer of toner particles 76. A cleaning blade 77 for 
removing toner particles from the rod is carried by 
the compliant arm 75. The edge of the foot of the 
L-shaped segment is crenellated to thereby render 
the foot flexible. The L-shaped portion comprising 

15 the supporting structure for the rod may be 
fabricated from metal or plastic. 

Randomly charged as well as non-charged toner 
particles are contained in a hopper supply 78 and are 
moved, through the action of a paddle wheel 80 to a 

20 toner metering and charging zone 82 intermediate 
the donor roll and the flexible rod. The rod is rotated 
by a motor in a direction such that in the nip between 
the rod and the donor roll, its surface is moving 
opposite to the direction of rotation of the donor roll 

25 structure 42. The flexible rod is electrically biased at 
a DC bias 84 with the same polarity as the toner 
charge. This ensures that the (positive) toner 
particles of desired charge are not attracted away 
from the donor structure to the flexible rod and that 

30 the toner particles of undesired charge of opposite 
polarity are attracted to the flexible rod and removed 
from the metering and charging zone 82. 

It should now be appreciated that there has been 
described a toner metering and charging device for 

35 presenting charged toner particles to a donor 
structure which device is insensitive to roll runout of 
the donor. Thus, the conformabillty of such arrange- 
ments found in the prior art which depend upon a 
deformable roll is replaced by a flexible rod which 

40 produces the required function without being diffi- 
cult to manufacture and susceptible to damage and 
subject to foam set and sealing reliability. 



45 Claims 

1 . Apparatus for developing latent electros- 
tatic images on a charge retentive surface 10 
with toner 44, said apparatus comprising: 

50 a supply 78 of toner; and 

a donor structure 42 supported for movement in 
an endless path for conveying toner from said 
supply of toner to an area opposite said charge 
retentive surface 10; and characterised by 

55 a rod structure 70 supported for contact with a 

layer 76 of toner on said donor structure 42 to 
form a toner metering and charging zone 82 
therebetween through which toner particles 
from said supply are passed and are simulta- 

60 neously charged and metered, said rod struc- 

ture 70 being flexible whereby metering and 
charging of said toner is insensitive to runout of 
said donor structure. 

2. Apparatus according to claim 1 wherein 
65 said donor structure 42 comprises a rigid roll. 
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3. Apparatus according to claim 2 wherein 
said flexible rod 70 has a small diameter 
compared with th donor roll. 

4. Apparatus according to claim 3 wherein 

the diameter of said flexible rod is in the order of 5 
2.54 to 3.18 mm. 

5. Apparatus according to any one of claims 1 
to 4 wherein said flexible rod 70 is fabricated 
from metal or metalized plastic. 

6. Apparatus according to any one of claims 1 10 
to 5 including a distributed bearing 72 for 
operatively supporting said flexible rod. 

7. Apparatus according to claim 6 wherein 
said bearing structure 22 comprises an 
L-shaped segment 74 and the foot 75 thereof is 15 



crenellated. 

8. Apparatus according to claim 6 or claim 7 
including a cleaning blade 77 carried by said 
bearing structure 72 and contacting said flex- 
ible rod 70. 

9. Apparatus according to any one of claims 1 
to 8 including means 84 for applying an 
electrical bias to said flexible rod. 

10. Printing apparatus including means for 
forming latent electrostatic images on a charge 
retentive surface and developing apparatus for 
rendering them visible with tonerparticles, said 
developing apparatus being in accordance with 
any one of claims 1 to 9. 
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